Background-The AT-motif Binding Factor 1 (ATBF1) gene is frequently altered at the genetic level in several types of cancer, but its protein expression and subcellular localization have not been well studied in human cancers including head and neck squamous cell carcinomas (HNSCCs).
Introduction
Head and neck squamous cell carcinoma (HNSCC) includes malignancies arising in the oral cavity, larynx and pharynx. It is one of the six most prevalent cancers in the world, with approximately 49,260 new cases diagnosed and an estimated 11,480 deaths in the United States in 2010. (1) In the past three decades, the five-year survival rate for HNSCC patients has only slightly improved. The poor survival rate is partially attributed to our limited understanding of molecular mechanisms of HNSCC initiation and progression. Characterization of oncogenes and tumor suppressor genes in HNSCC could facilitate the detection and treatment of HNSCC.
The AT-motif Binding Factor 1 (ATBF1) gene was originally identified to negatively regulate alpha-fetoprotein (AFP) by binding to its promoter region. (2, 3) The gene has two isoforms, ATBF1-A and -B. The predominant isoform, ATBF1-A, encodes a 404-kD transcription factor containing both zinc-finger domains and homeodomains and is 920 amino acids longer than the ATBF1-B isoform. (2, 4) Studies suggest that ATBF1 participates in brain development and neuronal differentiation by regulating several differentiation markers including AFP, aminopeptidase N and neurod1. (4) (5) (6) (7) (8) Recent studies suggest that ATBF1 is involved in the pathogenesis of multiple types of human cancer, because ATBF1 has alterations at both the mRNA and genomic DNA levels. In prostate cancer, the ATBF1 gene undergoes frequent genomic deletion, somatic mutations and reduced expression in both cells lines and primary tumor specimens. (9, 10) Re-expression of ATBF1 inhibits cancer cell proliferation. (9) ATBF1 mRNA levels are also reduced in breast cancer and hepatocellular carcinoma, and lower levels of ATBF1-A mRNA correlate with worse prognosis in breast cancer. (11) (12) (13) Moreover, in AFP-producing gastric cancer, which is highly malignant, ATBF1 expression is absent, consistent with the observation that ATBF1 acts as a transcriptional repressor of oncogenic AFP. (3, 14) In addition to reduced mRNA levels of ATBF1, somatic mutations have also been detected in gastric cancer. (15) A recent study of cancer specimens showed that nuclear ATBF1 could significantly suppress the expression of the cancer biomarker MUC5AC, and ATBF1 expression may be associated with a better prognosis in gastric cancer. (16) These results suggest a tumor suppressor function of ATBF1 in multiple human tissues.
The molecular pathways regulated by ATBF1 are poorly understood. As a transcription factor, ATBF1 inhibits the expression of several tumor biomarkers such as AFP and MUC5AC, and promotes the expression of the p21 WAF1 tumor suppressor. (3, 16, 17) In addition to its function in gene transcription, ATBF1 also interacts with several oncoproteins to negatively regulate their functions. For example, signal transducer and activator of transcription 3 (STAT3) is inhibited by a ring domain-containing protein named protein inhibitor of activated STAT3 (PIAS3), and the interaction between ATBF1 and PIAS3 enhances the inhibitory effect of PIAS3 on STAT3 activity. (18, 19) The activity of another oncoprotein, c-Myb, is also repressed by ATBF1 through protein interaction. (20) It has been reported that overexpression or activation of STAT3 and c-Myb frequently occurs in human HNSCCs. (21) (22) (23) These oncoproteins contribute to tumor initiation and progression by altering the cell cycle, preventing apoptosis, or mediating cancer invasion. (24) (25) (26) It is thus important to analyze the expression of their inhibitor, ATBF1, in HNSCCs.
In this study, we examined the expression of ATBF1 in human HNSCC, including both cell lines and tissue specimens, using an anti-ATBF1 antibody. (7, 11) We found that mislocalization of ATBF1 frequently occurred in HNSCC and correlated with the histopathologic progression of HNSCC.
Materials and Methods

Cell lines and tissue specimens
The HNSCC cell lines Tu212, 212LN, Tu177, 886LN and Sqccy1 were maintained in DMEM/Ham's F-12 (1:1) medium supplemented with 10% fetal bovine serum in a 37°C, 5% CO 2 humidified incubator.
Archived formalin-fixed and paraffin-embedded tissue specimens of HNSCC from patients with (98 cases) and without (99 cases) lymph node metastasis were used for immunohistochemical (IHC) staining of ATBF1. After the initial surgery, none of the patients received chemotherapy or radiation therapy. Clinical characteristics of the patients were retrieved from the files in the Department of Pathology and Laboratory Medicine at Emory University. The histopathologic grade of HNSCC was determined by one of the pathologists (SM) according to standard criteria using hematoxylin and eosin (HE) stained sections. All specimens evaluated in this study were prior to the Health Insurance Portability and Accountability Act (HIPPA) regulations (March 2003), and use of tissue specimens and clinical information was approved by the Emory University Institutional Review Board (#8607).
RT-PCR and immunoblotting
Total RNA from cancer cell lines was isolated using Trizol reagent (Invitrogen, Carlsbad, CA). One microgram of RNA was reversely transcribed into cDNA using the iScript cDNA synthesis kit (Bio-Rad Laboratories, Hercules, CA). The mRNA level of ATBF1 was determined by semi-quantitative RT-PCR with primers 5'-CATCAAGGAGGGCGGCAA-3' and 5'-CTCTCGCTTCGCTGGTGCTT-3' for ATBF1 and 5'-GAAATCGTGCGTGACATTAAG-3' and 5'-CTAGAAGCATTTGCGGTGGACGATGGAGGGGCC-3' for β-actin (ACTB). (9) For immunoblotting, total cell lysates were collected in RIPA buffer (50 mM Tris (pH 7.5), 150 mM NaCl, 1 mM EDTA, 0.1% SDS, 10% glycerol, 20 mM ß-glycerophosphate, and 1% protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO)). Protein concentrations were determined by the Bradford assay (Bio-Rad Laboratories, Hercules, CA). Eighty μg of total protein lysate were separated by 4% (for ATBF1) or 12% (for ACTB) SDS-polyacrylamide gel electrophoresis (PAGE), and electrophoretically transferred to nitrocellulose membranes, which were then blocked with 5% fat-free milk and incubated with the anti-ATBF1 antibody (1:1,000 dilution) or anti-ACTB antibody (1:1,500 dilution, Sigma-Aldrich, St. Louis, MO). The blots were then incubated with horseradish peroxidase-conjugated anti-IgG secondary antibodies (Sigma-Aldrich, St. Louis, MO) and visualized with an enhanced chemiluminescence system (Pierce Protein Research Products, Thermo Scientific, Rockford, IL).
Immunofluorescence staining
The HNSCC cell lines were cultured in Lab-Tek™ II-chamber slides for 48 hours before fixation in 4% paraformaldehyde for 10 min at room temperature. After washing in PBS, cells were permeabilized and blocked for 30 min in PBS containing 10% (v/v) normal goat serum and 0.3% (v/v) Triton X-100. Cells were then incubated with the primary antibodies at 4°C overnight and washed three times for 10 min each in PBS. After washing, cells were incubated with Alexa Fluor® 555 goat anti-rabbit IgG antibody (Invitrogen, Carlsbad, CA) for 60 min at room temperature. After three washes in PBS, nuclei were counterstained with 4',6-diamidino-2-phenylindole (DAPI) for 5 min. The chamber on each slide was then removed, and slides were mounted and imaged under the Zeiss Axioplan 2 fluorescent microscope.
Immunohistochemistry (IHC) staining
Tissue sections were deparaffinized and rehydrated following the regular procedure. Sections were then blocked in Peroxidase-Blocking Solution (Dako, Carpinteria, CA), and antigen retrieval was done in a citrated buffer (pH 6.0, 10 mM trisodium citrate) for 15 min in a microwave. Tissue sections were incubated with the anti-ATBF1 antibody (1:500) at 4°C overnight, followed by incubation with the EnVision Polymer-HPR anti-rabbit antibody (Dako, Carpinteria, CA) at room temperature for 40 min. After the application of DABchromogen, tissue sections were mounted and visualized under microscopes. Staining on all tissue sections was performed under nearly identical conditions. All immunohistochemically stained slides were independently reviewed by two pathologists (GS and SQF), and some of the slides were further reviewed by a third pathologist (YW). Since most cases had adjacent precancerous lesions available, both cancer and adjacent lesions were scored for ATBF1 expression in the nucleus and the cytoplasm separately, and the percentage of positive cells was calculated. The intensity of IHC staining was measured using a numerical scale (0 = no staining, 1 = weak staining, 2 = moderate staining, and 3 = strong staining). The weight index (WI) was calculated by multiplying staining intensity by the percentage of positive cells.
Statistical Analyses
Patients' clinical and pathological characteristics were summarized and compared between those with metastasis and those without metastasis. Age at diagnosis was presented with median (range) and compared by using the Wilcoxon's rank sum test. Other variables, including gender, smoking status, tumor site, primary tumor classification (T classification), regional lymph node classification (N classification), stage grouping (stage), chemotherapy, radiation therapy, and differentiation, were treated as categorical variables and evaluated by using the Chi-square test.
Because the sample size was relatively large and the residuals from the methods satisfy the normality and homoscedasticity assumptions, the expression levels of ATBF1 in the cytoplasmic and the nuclear portions were treated as a continuous outcome.
The correlation of ATBF1 expression in each stratum by different subcellular portion and pathological variables, metastasis status, gender or smoking status was tested with an independent two sample t-test. Correlation of ATBF1 expression with age at diagnosis was determined by using the Pearson's correlation coefficient and tested with the t-test. The correlation of ATBF1 expression with tumor site, T classification, N classification, or stage grouping was determined by using the general linear model (GLM) approach. The GLM approach was also used to compare the difference in cytoplasmic ATBF1 or nuclear ATBF1 across different pathology strata. We further evaluated pairwise differences by using Tukey's method when the overall difference was significant at a p-value of 0.05.
In the survival analyses, nuclear or cytoplasmic staining of ATBF1 in tumor cells was dichotomized into two groups (high vs. low) by the median WI. Overall survival (OS) was calculated as the time from study enrollment to death or last contact. Disease free survival (DFS) was calculated as the time from study enrollment to disease progression date, death date, or last contact, whichever came first. DFS or OS were estimated by the Kaplan and Meier method, and the log-rank test was used to test the difference in OS or DFS between different staining groups.
The SAS statistical package (SAS Institute, Cary, NC) was used for all data management and analyses.
Results
Patient Characteristics
Specimens from a total of 197 patients with HNSCC were used in this study, including 98 non-metastatic (non-Met) and 99 metastatic (Met) cases. Characteristics of all patients are summarized in Table 1 . There were more males than females in this study, consistent with the fact that HNSCC is more prevalent in males. (1) The age was marginally significantly older among non-metastatic patients than metastatic patients (p=0.04). Smoking was significantly more common among metastatic patients than non-metastatic patients (p=0.0485), supporting the idea that smoking is a risk factor for metastasis of HNSCC. Among non-metastatic patients, the primary tumor site was predominantly in the oral cavity (62%) and seldom at the oropharynx (7%), whereas the tumor site in metastatic patients was more evenly distributed. As expected, primary tumors in the metastatic group tended to be more poorly differentiated and at higher stages ( Table 1 ). In addition, patients with metastasis were more likely to be treated with radiation therapy (p<0.0001).
Expression of ATBF1 in primary tumors
Expression of ATBF1 in HNSCC was examined by IHC staining in 197 primary tumors and their adjacent precancerous lesions. While ATBF1 was reportedly a nuclear transcription factor, we noticed significant cytoplasmic staining in some cancers, so we scored staining signals in both the cytoplasm and the nucleus in each case. In addition, ATBF1 expression was evaluated in the adjacent noncancerous epithelium when present, which included hyperplasia, low-grade dysplasia, high-grade dysplasia, and carcinoma in situ (CIS). In all patients, nuclear ATBF1 expression was significantly associated with the histopathologic progression of HNSCC (Table 2) , as its expression was at a moderate level in hyperplasia (WI=83.9±7.3) but at higher levels in both low-and high-grade dysplasia (WI=109.1±8.3 and WI=125.7±6.9). Invasive carcinomas, however, had significantly lower levels of nuclear ATBF1 (WI=62.1±5.0), and the mean WI of nuclear ATBF1 in invasive tumors was even lower than that in hyperplasia, although this difference was only marginal (p=0.0638). We noticed that in normal tissues and simple hyperplastic lesions, ATBF1 expression was more heterogeneous. With a paired t-test analysis in 87 cases that had both invasive tumors and simple hyperplasia, we found that nuclear ATBF1 expression decreased dramatically in cancers compared to matched hyperplastic cells (p=0.0012). Meanwhile, the cytoplasmic ATBF1 level continuously increased throughout the progression from hyperplasia, lowgrade dysplasia, high-grade dysplasia/carcinoma in situ, to invasive carcinoma (p<0.0001) ( Table 2 ). The same trend was also observed when metastatic and non-metastatic cases were analyzed separately (Table 3 ). Representative IHC staining is shown in Figure 1 .
Correlations of ATBF1 expression with clinical characteristics
To determine whether ATBF1 expression correlates with the metastatic potential of HNSCC, ATBF1 WI in HNSCC with and without metastatic disease were compared. Although non-metastatic patients tended to have slightly higher ATBF1 expression in the nucleus, the difference was not statistically significant (Table 3 ). Cytoplasmic ATBF1 levels were not different among the two groups either, suggesting that the ATBF1 protein level is not associated with the metastatic potential of HNSCC.
The ATBF1 level was not associated with other clinical characteristics including gender, tumor site, T classification, N classification, and stage grouping ( Table 4 ), except that the nuclear ATBF1 level was significantly higher in well differentiated carcinomas (WI=85.1±11.8) when compared to moderately differentiated carcinomas (WI=53.4±5.7) (p=0.03).
To determine the correlation of ATBF1 expression with patient survival, we defined ATBF1 expression as low or high level based on the median. No correlation was found between the nuclear ATBF1 level and patient survival. However, an increased cytoplasmic ATBF1 level was significantly associated with shorter overall survival (p=0.0386) and disease free survival (p=0.0253) ( Fig. 2A, B ), suggesting that higher levels of ATBF1 protein in the cytoplasm predict a poorer clinical outcome.
ATBF1 expression in HNSCC cell lines
We analyzed ATBF1 expression at both the mRNA and protein levels in five HNSCC cell lines. All five cell lines had detectable ATBF1, although the mRNA levels did not correlate with their protein levels (Fig. 3A, B) . Among the five cell lines, Tu177 had a highest protein level of ATBF1, while 212LN, Tu686, and Sqccy1 cells expressed little ATBF1 protein. ATBF1 protein expression was further confirmed by immunofluorescent staining (Fig. 3C) . Interestingly, although Tu212 and Tu177 cells expressed the ATBF1 protein at a higher level, ATBF1 was predominantly localized in the cytoplasm, which is consistent with the observations in primary HNSCCs (Fig. 3C ).
Discussion
In this study, we examined ATBF1 expression in tissues from different stages of HNSCC, and found that nuclear ATBF1 expression had a biphasic pattern during the development of HNSCC, since it increased from simple hyperplasia to high-grade dysplasia/carcinoma in situ but was significantly reduced when precancerous lesions progressed into invasive tumors. Although ATBF1 expression is more heterogeneous in normal tissues and simple hyperplasia than in dysplasia and invasive tumors, which resulted in a lower percentage of ATBF1-positive cells and led to smaller weight index for ATBF1 expression in normal tissues and simple hyperplasia, nuclear ATBF1 was still lower in invasive tumors when compared to simple hyperplasia and the difference was statistically significant in paired samples assay (p=0.0012). This result indicates that nuclear ATBF1 expression is reduced in HNSCC when compared to its adjacent precancerous tissues. The biphasic pattern of nuclear ATBF1 expression suggests that loss of nuclear ATBF1 might not contribute to the initiation steps of HNSCC but is associated with invasive cancers.
Unlike the biphasic pattern of nuclear ATBF1 expression in HNSCC, cytoplasmic ATBF1 was quite low in normal cells but increased during the histopathologic progression of HNSCC from hyperplasia/low-grade dysplasia to high-grade dysplasia/CIS and carcinoma. Furthermore, higher levels of cytoplasmic ATBF1 were significantly associated with poorer overall survival and early recurrence. These results suggest that increase in cytoplasmic ATBF1 expression could play an oncogenic role in the development and progression of HNSCC, and thus could be useful for predicting clinical outcomes in HNSCC patients.
An increase in both the nuclear and cytoplasmic ATBF1 in dysplasia suggests a transient increase in ATBF1 production in precancerous lesions of HNSCC, which could result from increased transcription or protein stability. Although the biological significance of this increase is unknown, one could speculate that cells might upregulate ATBF1 as a response to malignant transformation or as a mechanism to prevent tumor progression. Several known tumor suppressors have been found to be transiently upregulated in premalignant lesions, including p53, maspin and p16 Ink4a . (27) (28) (29) Interestingly, we observed mislocalization of ATBF1 in a significant number of cancers. Reduced nuclear ATBF1 and increased cytoplasmic ATBF1 suggest an interruption of ATBF1 entry into the nucleus during the histopathologic progression of HNSCC. A similar mislocalization of ATBF1 was also observed in HNSCC cell lines, where immunofluorescence staining showed that ATBF1 protein was mostly localized in the cytoplasm in HNSCC cell lines that have higher levels of ATBF1 protein. Mislocalization of ATBF1 was also observed in other types of cancer including breast cancer, where specific ATBF1 staining was detected in the nucleus of some normal epithelial cells but in the cytoplasm of many cancer cells. (11) In addition, nuclear ATBF1 level was associated with lower expression of MUC5AC, predicting a better prognosis in gastric cancer. (16, 30, 31) We also detected an increase of ATBF1 expression in the cytoplasm of prostate cancer cells (unpublished data). It seems mislocalization of ATBF1 to the cytoplasm frequently occurs in human malignancies and could play a causal role.
The mechanism of ATBF1 mislocalization in cancer cells is currently unknown. Since the majority of cancer specimens examined showed increased ATBF1 in the cytoplasm, it is unlikely that mutations in the ATBF1 gene caused the mislocalization, although we cannot exclude this possibility in some cases. Another possibility is that nuclear import of ATBF1 is hampered. We recently identified the nuclear localization sequence (NLS) of ATBF1 in a serine/threonine-rich region (unpublished data). It is possible that activation of certain oncogenic pathway(s) modifies this region and prevents ATBF1 from entering the nucleus in cancer cells. (32) A recent study showed that the runt domain transcription factor 3 (RUNX3) interacts with ATBF1 and translocates into the nucleus with ATBF1 in response to TGF-β signal transduction. (33) Staining of gastric cancers showed a significant correlation between ATBF1 and RUNX3 nuclear localization. (33) Although these findings could not explain our results in HNSCC because RUNX3 is only expressed in some basal cells of squamous epithelium, it highlights the possibility that the nuclear import cargo of ATBF1 may malfunction in cancer cells. (34) We are currently testing how ATBF1 mislocalization occurs.
Our previous studies revealed that ATBF1 may function as a tumor suppressor in the prostate and breast. (9, 12) Unexpectedly, although the current study suggests that nuclear ATBF1 might have lost its tumor suppressor function, cytoplasmic ATBF1 might have acquired an oncogenic function that predicts a poorer prognosis. This notion is not entirely new, as one of the CDK inhibitors, p27 Kip1 , inhibits the cyclin-E/CDK2 complex in the nucleus to negatively regulate the cell cycle, and suppresses tumorigenesis both in vitro and in vivo, while cytoplasmic p27 Kip1 gained oncogenic activity that led to aberrant stem and progenitor cell expansion in the lung and retina. (35) (36) (37) (38) Therefore, the molecular function of ATBF1 in HNSCC merits further investigation.
In summary, we analyzed the protein expression and subcellular distribution of ATBF1 in cell lines and tissue specimens of HNSCC, and observed that the entry of ATBF1 into the nucleus was often interrupted, and the mislocalization of ATBF1 protein in the cytoplasm was significantly associated with the histopathologic progression of HNSCC. The results suggest that mislocalization is a common mechanism by which ATBF1's normal function is interrupted in squamous epithelial cells, and that cytoplasmic ATBF1 may contribute to the tumorigenesis of HNSCC. Additional studies are needed to determine the function of nuclear and cytoplasmic ATBF1 in head and neck squamous cells, which would improve our understanding of HNSCC and benefit clinical treatment. Abbreviations: ATBF1, AT-motif binding factor 1; WI, weight index; SE, standar error; CIS, carcinoma in situ; met, metastasis.
Note: p value was determined by the t-test (*).
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